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ABSTRACT
In the year 2000, 170 countries decided to stand together and solve some primary and
common global problems like poor health, water, and sanitation. Obtaining access to safe drinking
water is every individual’s right. The UN defines safe drinking water as “the water required for
each personal or domestic use must be safe, therefore free from micro-organisms, chemical
substances and radiological hazards that constitute a threat to a person's health” (UNDESA, 2014).
This thesis focuses on identifying the number of people who potentially receive spring water from
a piped source in rural mountainous areas. There are three significant steps and data requirements
which are necessary to meet this study’s objective. These are to: 1) obtain data classifying the
various sources of drinking water in each country by specifying the percentage of population
served by a particular water in rural and urban areas, 2) determine the number of countries which
are undeveloped or developing, and 3) identify specific countries which are defined as
mountainous (and thus likely to have spring fed piped water systems) based on elevation and slope
in order to estimate the number of people living in mountainous areas. Results show that 183.54
(million) people were estimated to receive piped water from the springs in mountainous areas.
Approximately, 34% of the population is from the Eastern Asia and South-Eastern Asia regions,
and 33% reside in the Latin America and Caribbean Islands. These were followed by Western Asia
and North Africa Regions with 15% and Central Asia and Southern Asia Regions with 14% of
their population estimated to receive piped spring water.
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CHAPTER 1: INTRODUCTION
1.1 Motivation
In the year 2000, 191 countries decided to stand together and solve primary and common
global problems like poor health, water, and sanitation (UN, 2015). The list of problems was
defined under eight goals called the Millennium Development Goals (MDGs). This program had
the target to make significant progress on all the problems in 15 years. After 15 years, in 2015 a
new set of 17 goals were formed by the world community called the Sustainable Development
Goals (SDGs) (UN, 2016). The timeline to accomplish these goals was set to be 2030. Access to
water and sanitation is one of the important goals which is included in both the MDGs and SDGs
as it is directly related to improving human health. This goal, known as SDG 6, is the basis of good
health and equality as it establishes to ensure that every individual has access to improved water
and sanitation (UN, 2016).
Improved water sources are defined as sources that, by nature of their construction or
through active intervention, are protected from outside contamination, particularly faecal matter.
Examples include piping water into a dwelling, plot or yard, and other improved sources (WHO
and UNICEF, 2012). The Joint Monitoring Program (JMP) is keeping track of the development in
the SDGs since it was established. It keeps a record of the progress done in all these years. The
JMP classifies a water source as improved or unimproved. It also divides the data according to a
specific country’s progress towards meeting the SDGs for water and specifying the number of
people having improved or unimproved sources of water in rural and urban areas. According to a
1

survey conducted in 2015, approximately 6.6 billion people now have access to improved water
for drinking which is approximately 91% of the global population (UN, 2017). It is generally
known from the data that most of the population without access to improved water lives in rural
areas. Additionally, the water quality of improved water supplied to the households may not meet
acceptable WHO standards (Bain et al., 2012; Harmon, 2012).
1.2 Objectives and Goals
Access to a safe source of water is very important for a healthy life. Access to safe water
is also considered to be a basic human right (WHO and UNICEF, 2017). The major contaminations
happen because of the mixing of the rainwater and other impurities at the groundwater level. Thus,
the objective of the thesis is to identify the number of people in the world who are reported to have
access to improved piped spring water source. The research focuses on rural people living in the
mountainous regions of the developing world who use spring water as a source of drinking water.
Various facts and studies reflect that spring water may not be totally safe for drinking since it
contaminated by various chemical and microbial impurities however the people receiving this
water are classified under the population receiving safe water (Haseena, 2017) The objective of
this paper is to estimate the number of people who are receiving spring-sourced water in
developing countries.
1.3 Organizational Overview of Thesis
This paper focuses on identifying the number of people who receive spring water from a
piped source in rural mountainous areas. There are three steps followed to obtain the desired
results:
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1. Determine the number of people living in rural areas receiving water from a piped source.
2. Determine whether a country is developing or developed.
3. Determine if the country is mountainous or non- mountainous based on the elevation and
the percentage of population living in these mountainous areas.
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CHAPTER 2: LITERATURE REVIEW
2.1 Safe Drinking Water
2.1.1 Impact of Unsafe Drinking Water on the World
For a better quality of living for humans, it is necessary to ensure that all people have access
to safe drinking water, proper sanitation facilities, and maintenance of personal and community
hygiene (WHO, 2008). Access to unsafe drinking water and poor sanitation increases the chances
of water-borne diseases and affect human health in various ways (Schwarzenbach, 2010).
Approximately 2.1 billion people lack access to safely managed drinking water services (WHO
and UNICEF, 2017) and 892 million people around the world still defecate in the open (UN, 2015).
Furthermore, among the total diseases happening around the world, 10% could be prevented with
the help of proper sanitation and safe drinking water (WHO, 2008). Also, 1.4 million children die
every year due to diarrhea and 86,000 children due to malnutrition (WHO, 2018, Ritchie 2019).
Improvement in conditions of drinking water and sanitation is the fundamental step that can
improve the situation.
To reduce these problems the United Nations (UN) in 2000 along with 191 UN member
states, signed a declaration and agreed on eight goals referred to as the Millennium Development
Goals (MDGs) (WHO and UNICEF, 2015). These goals focused primarily on health, gender
equality and sustainable development. MDG #7 Target 7c is specifically focused on providing
access to safe drinking water and basic sanitation facilities to half of the world’s people without
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such infrastructure by 2015 (UNEP, 2008). Even though this target was achieved by 2015, there
are still 844 million people in the world without safe drinking water and 2.3 billion people without
proper sanitation (UN, 2015, Praveen, 2016). Thus in 2015, a new set of goals were agreed upon
by the UN, which had a bigger target, needed to be achieved by 2030. These are called the
Sustainable Development Goals (SDGs) of which - there are 17 SDGs, including SDG Targets 6.1
and 6.2 for global access to safe drinking water and proper sanitation a major goal under SDG
Targets 6.1 and 6.2 (UN, 2015).
2.1.2 Definition of Safe Drinking Water
The UN defines safe drinking water as “the water required for each personal or domestic
use must be safe, therefore free from micro-organisms, chemical substances and radiological
hazards that constitute a threat to a person's health” (UNDESA, 2014). Safe drinking water is
considered safe if it meets certain microbiological and chemical standards on drinking water
quality; guidance is provided by the World Health Organization (WHO) Drinking-water Quality
Guidelines (WHO, 2017). It can be used for all purposes including personal hygiene, cooking, and
drinking. Access to safe water is known to significantly improve public health (Ustün and WHO,
2008; Onda, 2012). The WHO has set up some guidelines for countries to set up regulations for
the quality of the drinking water that is provided to the public (WHO, 2011). The water can be
considered as safe for all purposes after passing the necessary tests and requirements. The WHO
Guidelines recognize all areas related to drinking water and its safety which includes microbial,
chemical, and radiological aspects. It is not necessary that all the countries follow the guidelines
specifically; however, the guidelines are developed keeping in mind large and developed countries
as well as small and lower income nations and for all conditions including piped or non-piped
water systems.
5

2.1.3 Government Progress Towards Safe Drinking Water
An improved drinking water source is a source that, by nature of its construction,
adequately protects the water from outside contamination, particularly from faecal contamination.
Typical examples of improved drinking water sources are a piped household water connection,
public standpipe, borehole, protected dug well, protected spring, and rainwater collection (WHO,
2019). For the improved water to be called “safely managed” it should follow three essential
criteria: 1) the water should be accessible on the premises, 2) the water should be available when
needed and 3) the water should be free from any contamination. On fulfilling these three criteria,
water is tagged as “safely managed,” and the population receiving this water classified as the
percentage of the population receiving safe water for drinking purpose (WHO and UNICEF, 2017).
According to the recent survey by the Joint Monitoring Programme (JMP) in 2015, 71% of the
global population, i.e., 5.2 billion people use a safely managed drinking water service meeting the
above three conditions (WHO and UNICEF, 2017).
2.1.4 Contamination of Safe Drinking Water
According to the progress report of the WHO and UNICEF in 2015, 91% of the global
population received safely managed drinking water (WHO and UNICEF, 2015). This number
dropped down significantly to 71% of the worldwide population in the progress report of 2017
(WHO and UNICEF, 2017) as the WHO discovered that all the improved water sources could not
be considered as safely managed sources (Bain et al., 2012; Harmon, 2012). It is now estimated
that globally one-fourth of the improved water sources are contaminated with faecal matter and
around 1.8 million people around the world drink this contaminated water (WHO, 2016).
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The key factors why the improved water sources can be compromised are: 1) extended
storage of water in open containers that increase the risk of its exposure to microbes, 2)
contamination by pathogens and other faecal-associated microorganisms at the source which
results in unsafe piped water, meaning the water is already contaminated at the source but
undergoes little or no treatment before being piped, and 3) inconsistencies in use of an available
source of water due to excessive use or change in weather conditions or conflict among people
over the point of use of water. These factors were introduced post-2015, and changes were made
in the method to estimate the number of people receiving improved water which is safely managed.
This brings up the difference in the percentage of the population (Bain et al., 2012; Harmon, 2012).
2.2 Hydrology Related to Water Supply
2.2.1 Sources of Drinking Water
Water is a limited resource even though there is plenty of it in the world by volume.
However, all the water available in nature cannot be used for drinking. According to the American
Water Works Association (AWWA, 2009), the sources of water can be mainly classified into
groundwater sources and surface water sources. Groundwater sources include wells and springs
whereas surface water sources include lakes, rivers, streams, rainfall, or melting of snow.
Rainwater seeping into the ground forms groundwater sources. This water can connect to the
ground surface in the form of springs due to high pressure or can be extracted by digging a well in
the ground. (AWWA, 2009) According to the Environmental Protection Agency (EPA), 91% of
the U.S. public water system is associated with groundwater sources which are used primarily by
people living in rural areas while those in areas of higher population density tend to use more
surface water sources (EPA, 2008; Water Sources, 2009).
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2.2.2 Groundwater Sources
Groundwater is the water that results due to the percolation of water down the water table
through voids in the soils and cracks in the rocks (AWWA, 2009). The U.S. Geological Survey
(USGS) reports there are about 4.2 million cubic km of water within 0.8 km of the earth’s surface.
Out of the total fresh water available on the Earth, 97% is in the form of groundwater (USGS,
2017). Groundwater then gets stored in aquifers, “any porous water-bearing geological formation”
(AWWA, 2009). There are mainly two types of aquifers: 1) Unconfined aquifer: “An aquifer in
which the upper surface of the saturated zone is free to rise, and fall.” and 2) Confined aquifer:
“An aquifer with a permeable layer confined between the upper and lower layers that have low
permeability” (AWWA, 2009). Aquifers are made up of different materials which have various
properties like porosity, permeability, and size. The vertical seepage of water into the ground
depends on the type of soil and rocks present in that area. More permeable materials like large
rocks or large particles of gravel will allow more water to pass than fine sand particles.
2.2.3 Groundwater Quality
Groundwater is known to be an excellent freshwater source for drinking water. It is the
least contaminated source of drinking water (if there is no anthropogenic activity nearby) as it
passes through many layers of soils and rocks that filters out bacteria (The Groundwater
Foundation, 2007).
However, recent studies (Costa et al., 2019) have shown that due to an increase in
population and human activities around the sources of groundwater, the chances of water being
contaminated has increased primarily due to faecal contamination and nitrate which occurs
because of open defecation practice of human beings and livestock around the source (Kim, 2019).
8

Another route of groundwater contamination is the case where latrines or septic tanks are
hydraulically connected to shallow groundwater. Other reasons that result in the contamination of
groundwater include natural minerals and salts present in the rocks and soil around the water.
These salts tend to dissolve in the water because it is a good solvent. The water contains dissolved
solids like calcium, potassium, sodium, and sulfate ion. Water is considered aesthetically pleasing
and healthy for drinking if the quantity of these minerals dissolved is less than 100 mg of mineral
/L (WHO, 2017; Malik, 2016). Water containing more than this quantity of minerals is not
considered to be suitable for drinking purposes and thus will be classified under contaminated
water and causes adverse impacts such as cardiovascular diseases, cancer, kidney stones to human,
animal and plant health (Sengupta, 2013; Dietrich, 2006; Malik 2016). The contamination of
groundwater by seepage through soils and rocks has increased due to the recent development in
industries and other fields like agriculture, discharge of various pesticides, fertilizers, and
chemicals (USGS, 2017).
2.3 Spring Hydrology
2.3.1 Definition
A Spring is a “water resource formed when the side of a hill, a valley bottom or other
excavation intersects a flowing body of groundwater at or below the local water table, below which
the subsurface material is saturated with water” (USGS, 2016). A spring is the place where the
groundwater is not covered by Earth’s surface and water flows from bedrock or soil onto the land
surface or a surface water body (Springer et al., 2008). They are in various spring sizes ranging
from an intermittent seep after lots of rain to hundreds of millions of gallons pools. Springs can
also be present as deep as 2.5 km in the oceans (Kresic, 2009).
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Springs are often used as a source of water supply, especially in developing world settings
(Mihelcic et al., 2009). They can be easily contaminated during their use or by spring users or by
other activities that occur within a watershed. Figure 2.1 shows an example of what an unimproved
spring might look like. Figure 2.2 shows examples of how a spring can be improved to provide
some protection of the water source. Water can be collected directly from an unimproved or
improved spring and in mountainous areas this water source can be connected to a gravity flow
piped water system that connects to a storage tank and ultimately community or household water
taps. Several references are available to assist with the design and operations of such systems
(Jordan, 1984; Mihelcic et al., 2009; Roy, 2016; Briones, 2018) and to assess their sustainable
operation (Schweitzer and Mihelcic, 2012). Some of these gravity-fed systems can also be sourced
from a mountain (Jordan, 1984; Mihelcic et al., 2009).

Figure 2.1. A Typical Arrangement of an Unimproved Spring. Source: Artwork by Linda
Phillips. Reproduced from Mihelcic et al. (2009); with permission from ASCE.
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Figure 2.2. Three Examples of Improving a Natural Spring. Source: Artwork by Linda Phillips.
Reproduced from Mihelcic et al. (2009); with permission from ASCE.
2.3.2 Quantity and Quality of Spring Water
The amount of water flowing from a spring depends on natural voids within the rock, the
hydraulic pressure in the aquifer, and the amount of rainfall. Spring output is also affected by
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human activities such as groundwater withdrawals which reduces the flow of spring. The quality
of water from springs depends directly on the local groundwater and the types of rock the
groundwater is in contact with. Water obtained from springs typically has low turbidity but can
experience discoloration from the presence of excess minerals like iron. The length of flow and
the rate of water flow is also influenced by the amount of time for which the water is in contact
with the surrounding rock which affects the water quality (Kresic, 2009).
Water from a spring is generally considered to be safe for drinking but is high in dissolved
solids. Some studies have shown that spring water may not be safe for drinking without pretreatment as it does not meet the conditions set forth by the global community for “safely managed”
water which were discussed earlier in this chapter. Spring water may contain various contaminants
like heavy metals, synthetic organic chemicals, and human pathogens and indicators of faecal
matter (e.g., total coliform and E. Coli). Total coliform bacteria are present in the faeces of all
warm-blooded animals and humans and accordingly are found in natural waters. The presence of
coliform bacteria in water is thus an indication that the water may contain pathogens which are
harmful for human consumption. The faecal coliform bacteria on consumption can cause
gastrointestinal illness, nausea, and infections in the skin, eye, and ear (USEPA, n.d; Andrews,
1992; CDCP, 2009). In fact, according to the WHO Drinking Water Guidelines (WHO, 2017),
the acceptable number of total coliforms and E. Coli in water is zero per 100 ml (APHA, 2005).
So, the question raised is whether spring water and piped water that originates from a
mountainous spring source safe for human consumption? Table 2.1 provides a review of literature
that indicates that spring water sampled in developed and developing world settings does contain
various types of contaminants, the majority being E. Coli and indicators of faecal contamination.
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In this table, the text explains the location where the tests were conducted and the type of source of water. It also provides the
methods by which samples were collected and the qualities for which the samples were tested. The table also explains the results and
the amount of contamination present in the samples along with the reasons for their contamination are stated in the papers.
Table 2.1 List of Literature Indicating the Spring Water Sampled in Developing and Developed Countries Contains Contamination.
Location
Parameters tested Microbial contamination (and chemical contamination if References
reported)
Dominican
Source: 8 springs in summer 2017 and then another 6 springs were (Resto et al., 2018)
• pH
added in the spring 2018. The areas of these tests were varying
• Temperature
Republic
from small hills to high mountains.
• Alkalinity
Methods: The tests for E. coli were done using an Aquagenx
• E. coli
• Total Dissolved Compartment Bag Test (CBT) for which the sample was collected
in a sterile 100-ml whirl pack sample bag.
Solids (TDS)
Findings: The results for E. coli ranged from 0 to 100 MPN/100ml.
• Electric
Reasons: Due to the large human and animal population, there are
Conductance
many people who reside near the springs. Thus, the livestock
(EC)
defecation and human defecation may mix with the shallow
groundwater flowing from beneath the ground.
Chemical contaminants:
Nitrate concentration for these samples ranged from 2 to 8 mg/l
NO3--N
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Table 2.1 (Continued)
Location
Parameters tested
Turkey

•
•
•
•

Haiti

• E. Coli
• Total Coliform

Coliform bacteria
Escherichia coli
Faecal coliform
Enterococcus.

Microbial contamination (and chemical contamination if References
reported)
Source: Drinking fountains found in the Anatolian side of (Kayhan et
Istanbul which had their source from spring waters.
2018)
Methods: 95 samples were collected from 10 different public
drinking fountains having their origins from springs every month
throughout the year. Membrane filtration was used to analyze
the samples.
Findings: 49% of the samples had bacterial contamination
above the safe water drinking standards. 47.4 % of the samples
had coliform bacteria, 27.4 % had Enterococcus, 17.9 % had E.
Coli, and 14.7 % had faecal coliforms.
Reasons: Due to increasing population and human and animal
defecation which gets mixed with groundwater.

al.,

Source: Spring waters in a village located in the mountains in (Wampler et al.,
2008)
Verrettes.
Methods: 35-ml samples were taken for analysis using Coliscan
Easygel Kits, and a 250-mL water sample was taken in sterilized
bottles for analysis at a local Hospital, Hospital Albert
Schweitzer (HAS)
Findings: 57% of the samples contained high counts of total
coliform. According to WHO guidelines for E-coli and total
coliform, 71% of the samples tested by HAS and 100% of the
samples tested using Coliscan Easygel Kits were assessed as
unacceptable for consumption.
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Table 2.1 (Continued)
Location

Parameters tested

Jordan

•
•
•
•

India

• Total Coliform

E. Coli
Total Coliform
NO3Heavy metals

Microbial contamination (and chemical contamination if
reported)
Source: Natural springs in Soreq catchment in West Bank.
Methods: Samples were collected from natural springs. Total
Coliform and Faecal Coliform tests were collected in sterile 100ml, glass bottles, then cooling in an ice box and transferred to the
laboratory on the same day for biological tests.
Findings: Shows that water of most of the springs is contaminated
with E. coli and total coliforms.
Reasons: Sewage system nearby and many farms and farm
animals near the springs.
Chemical Contaminants: NO3- present in water had a mean
value of 32 mg NO3/ L. Analysis of groundwater confirmed the
presence of heavy metals exceeding the WHO limit.
Source: Spring water samples were collected from different from
the tribal area in Andhra Pradesh, India.
Methods: The microbial contamination was determined by
standard most probable number (MPN) method.
Findings: Total Coliform Count of the water samples ranged
from 39 to 1100 MPN/100ml.
Reasons: Surface water run offs, sewage water contaminating the
spring water, faecal contamination by human and animal faeces
are the main reasons for the high count of total coliform.
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References
(Jebreen
and
Ghanem, 2015)

(Reddy
2014)

et

al.,

Table 2.1 (Continued)
Location Parameters tested
Pakistan

• Total Coliform
• Pseudomonas
aeruginosa
• Enterococcus
• Staphylococcus
aeurius

Kenya

•
•
•
•

Microbial contamination (and chemical contamination if reported)

References

Source: Magalla hills in Islamabad, Pakistan
(Batool et al., 2018)
Methods: Total Coliform, Pseudomonas aeruginosa, Enterococcus, and
Staphylococcus aeurius were determined by multiple tube technique
which was followed by standard methods.
Findings: The highest mean value from all the districts was >2,400
MPN/100ml for total coliforms. The number of Staphylococcus in water
samples of different sites ranged from 4 to >2,400/100ml of the sample.
Enterococcus bacteria ranged between less than 2 to 540 MPN/100 ml.
Pseudomonas aeruginosa was present in the water samples.
Reasons: Contamination of water from human and animal faeces and
other bacteria.
Chemicals: Nitrate was present in the source samples with a range of
5.6 to 9.8 mg NO3- /L, zinc with 0.001 to 0.013 mg/L, copper with 0.001
to 0.012 mg/L, lead with 0.00 to 0.144 mg/L and cadmium varied from
0.00 to 0.014 mg/L
Source: 28 springs located in Kabuywe, Kenya.
(Simiyu et al., 2009)
Discharge
Methods: 200-ml of polyethylene bottles were used for sampling after
Conductivity
prior cleaning and sterilization in an autoclave. The samples were tested
Turbidity
Total
and for total coliforms and thermotolerant coliforms.
thermotolerant Findings: Coliforms in spring waters were too numerous to count.
Thermotolerant coliform counts were positive in eight out of the 28
coliform
studied spring waters.
Reasons: Increase in human population and groundwater mixing with
faecal matter.
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Table 2.1 (Continued)
Location Parameters tested
Mid-West
U.S.

• Total Coliform
• E. Coli
• Enterococci

Colorado,
U. S.

• Total Coliform
• E. Coli
• Heavy metals

Virginia
U. S.

• Faecal
Coliform

Microbial contamination (and chemical contamination if reported)

References

Source: 25 wells in Illinois and Wisconsin and 23 springs in Kentucky,
Illinois, and Missouri were considered for this study.
Methods: Bacterial indicators were determined using the IDEXX
method (Neill, 2004)
Findings: 22 spring samples tested positive for E. coli, total Coliform,
enterococci
Reasons: Pollution and faecal contamination.
Source: 7 samples of spring water were collected from the valley near
the Rocky Mountains.
Methods: Total Coliforms were determined by using the Multiple
Fermentation Tube Technique.
Findings: 40% of samples exhibited coliform contamination, and
concentrations ranged from 0 to 4 MPN/100ml in five out of seven
samples.
Reasons: Pollution due to sewage or solid waste disposal. The springs
were checked for E. Coli as well, but it was absent indicating no faecal
contamination.
Chemicals: Two metals exceeded the WHO Guidelines. Iron had a
concentration of 0.5 mg/L and 0.7 mg/L in 2 samples and phosphate
ranged from 0.25 to 1.6 mg/L. Rest of the heavy metals were within
safety limits.
Source: The study is done in Dykeman, Big, and Green Springs are all
located in the southern portion of the Cumberland Valley
Methods: Membrane filtration techniques were used to find the
presence of faecal coliform in the samples.
Findings: All the springs tested positive for faecal coliform.
Reasons: Agricultural activities going around the springs.

(Zheng et al., 2013)
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(Afiukwa and Eboatu,
2013).

(Saldutti, 2009)

Table 2.1 (Continued)
Location Parameters tested
South
• Total
Korea
Coliform
• E. Coli

Microbial contamination (and chemical contamination if reported) References
Source: Natural spring water in a mountainous region in South Korea (An and Breindenbach,
which was used a drinking water spring source.
2005)
Methods: Spread plate method and membrane filtration technique were
used to estimate total coliform and E. coli in the water samples.
Findings: The mean density of total coliform after testing was found to
be 228 CFU/ml and the E. coli was present in 78% of the samples with
concentration ranging from 0 CFU/ml to 15 CFU/ml
Reasons: Leakage in septic tanks and an increase in the population of
wildlife in the mountains is stated as major reasons for contamination.

Table 2.1 shows that all the sources of spring water, even with source protection, that were sampled were contaminated with E.
Coli or other faecal contaminants along with some other physical and chemical impurities; like nitrate (associated with anthropogenic
activities). The reasons for the resulting contamination include domestic wastewater runoff as well as discharge from an underground
septic tank. Most of the sources reviewed in Table 2.1 stated that the main reason for the presence of E. Coli in spring water is due to
the presence of human and animal faeces. The presence of spring also suggests the presence of a shallow groundwater table and activities
near the source of the spring, impacts the quality of the groundwater. From the above studies, it could be inferred that there was faecal
contamination in water for tested springs even if their source was protected and the water from the spring was directly piped to the
household.
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The study in the Dominican Republic (Resto et al., 2018) measured faecal contamination
in spring waters in the San Juan province which is a mountainous area and located in a basin. The
springs sampled in this study were located on a mountain, and the water was supplied to the houses
by a gravity flow system using pipes from a protected spring till the household. The spring samples
were collected from various locations ranging from lower to higher elevations. Lower elevations
springs were observed to be closer to communities and provide water to smaller communities and
were present on the hillside. The springs located at the higher elevations were present in tree
covered ravines or gullies and far away from presence of humans. Most of the population in the
town and far away community received their piped water from these springs located at the higher
elevation. Thus, considering all the springs, it was stated that the land use up or at the slope was
considered as forested area or agro pastoral land. A total of fourteen springs were tested during
this study for the presence of E. Coli using the Aquagenx Compartment Bag Test. It was
determined that 70% of the samples had faecal contamination. The area around the spring was not
occupied by humans; it was concluded that the presence of E. Coli in spring water could be because
of grazing of animals and animal waste mixing with the soil and fractured rocks.
The study in Haiti (Wampler and Sisson, 2008) determined the water quality of springs in
villages located in the mountains. Haiti being one of the most populated countries in the world and
due to lack of enough rainwater many people depend on springs and collect water from them.
These springs are also used by animals for drinking water; therefore, there are high chances of this
water being contaminated by various bacteria even if the source is protected with a spring box. On
analyzing the quality of water, it was determined that around 71 to 100% of the spring water was
unsafe for drinking because of the presence of bacterial contamination. The reasons for the
presence of E. Coli and total coliforms in the spring water samples were thought to be the human
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and animal activities near the source of springs, leading to the contamination of water due to the
mixing of faecal matter in the shallow groundwater. At the end of this study it was concluded that
the water consumed by the people in this villages was unsafe for drinking purposes based on the
WHO standards.
The study in Jordan (Jebreen and Ghanem, 2015) determined the water quality of spring
by measuring various parameters like bacteriological, chemical, and physical. The area of study
was the Soreq catchment in the western part of the West Bank which has the presence of carbonate
sedimentary rocks. The springs that were tested were surrounded by a high population and a lot of
agricultural activities were observed nearby. The spring water was tested for bacteriological
presence like E. Coli and total coliforms. It was determined that these contaminants were present
and the cause of it was estimated to be leakage in the sewage system of the nearby town and the
constant human and animal activities around the spring source.
Though not discussed in the table, the studies in Southwest China by (Chitwood 2007a;
2007b; Cherry et al. 2013) catalyzed this thesis research. There, mountain springs were tested for
bacteriological contamination. These springs were in mountains that consisted of fractured rock,
that was surrounded by agricultural land and forest with no rural population residing very close to
the springs. However, the population near the springs is increasing. Communities living nearby
obtained their water through springs from the pipes attached directly to the spring box. Thus, the
water was thought to have been “safe” as there were no observable sources of contamination close
to the spring sources. However, on testing the water quality, the spring water was found to be
contaminated with indicators of faecal matter. Due to the large population of China, leads to the
generation of a lot of humans and animals waste. This waste was believed to have been transported
to the springs through subsurface fractures in the rocky mountain. Given the situation, the primary
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cause of this contamination was determined as the mixing of animal waste with water near the
springs.
Therefore, for the above examples it is seen that all the research papers do not give us a
detailed information on the land use that surrounds springs under study. This was an important
knowledge gap identified in this thesis’s literature review. There were four papers out of ten that
provided details on the land area surrounding the springs. Major land use practices were mentioned
as the reason for contamination in a few papers and these practices were animal gazing, use of
animal manure as fertilizers, use of fertilizer and pesticides for farming and human activities
related to waste disposal.
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CHAPTER 3: METHODS
The three significant steps and data requirements which are necessary to meet this study’s
objective are discussed in this chapter and presented in Figure 3.1. These are to: 1) obtain data
classifying the various sources of drinking water in each country by specifying the percentage of
population served by a particular water source in rural and urban areas, 2) determine the number
of countries which are undeveloped or developing and 3) identify specific countries which are
defined as mountainous (and thus likely to have spring fed piped water systems) based on elevation
and slope in order to estimate the number of people living in mountainous areas.

Water Access
Data

Identify
Developing
or
Undeveloped
countries

Identify
Mountanious
Countries

Data required for the study

Figure 3.1. Chart Showing Important Data Needed to Meet Goal of the Study.
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1. To identify sources of data classifying the various sources of drinking water in each country
in the world that also specifies the percentage population living in rural and urban areas.
This thesis identified two publicly available datasets and surveys completed by individuals’
governments for analyzing the sources for drinking water in specific countries. This was done by
searching the Internet and contacting several development practitioners who had received their
degrees through the International Development Engineering program at the USF (Mihelcic et al.,
2006; Mihelcic, 2010; Manser et al., 2015). The two sources identified were: 1) Democratic Health
Surveys (DHS) (https://dhsprogram.com/) and 2) Joint Monitoring Programme (JMP) for Water
Supply, Sanitation, and Hygiene (UNICEF, 2017).
The Demographic and Health Surveys (DHS) Program conducts 300 technical surveys in
90 countries. It mainly focuses on assessing health and population change in developing countries.
The DHS program is funded by the U.S. Agency for International Development (USAID) and
managed by ICF (Fairfax, VA). It focuses on collecting data such as fertility, diseases, child health,
gender, HIV, maternal, and household characteristics and the presence of drinking water and
sanitation facilities. Data on household characteristics include information on education level, the
availability of electricity, and house characteristics such as the type of flooring and cooking fuel.
The water and sanitation data provided by the DHS are obtained by surveying the households in
various countries. The specific categories in which the DHS divides its drinking water data is
presented in Table 3.1.
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Table 3.1. Classification of Sources of Drinking Water in the Demographic and Health Surveys
(DHS) Program.
Improved Source
Unimproved Source
Piped into dwelling/yard/plot
Unprotected dug well
Piped to neighbor
Unprotected spring
Public tap/Standpipe
Tube well or borewell
Protected dug well

Tanker truck/ cart with small tank
Surface water
Other unimproved source for
handwashing

cooking/

Protected spring
Rainwater
Bottled water, improved source for cooking/
handwashing

Table 3.1 shows that the DHS categorizes its data on a source of drinking water in a very
detailed way. It first divides the water source into two categories which are either an improved or
unimproved source. These are further divided into various sub-categories which are shown in
Table 3.1. The major setback of this dataset is that it does not provide information concerning all
countries and is not consistent with the year in which the survey was conducted. This means that
the DHS does not provide data for all countries and may not have comparable data for a specific
year for a country.
The JMP was introduced by the World Health Organization (WHO) and United Nations
Children’s Fund (UNICEF) in 1990 to track down the progress on drinking water and sanitation
facilities. For the MDGs, the JMP reports on progress for indicators on water, sanitation, and
hygiene. For the SGDs they report the indicators of sanitation and drinking water at a frequency
rate of 2 years. The WHO has been a primary source for the JMP with its monitoring data starting
back in the 1960s. The classification of the data by JMP for drinking water is now performed as
detailed in Table 3.2.
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Table 3.2. Classification of Water Ladder by Joint Monitoring Programme (JMP) for Drinking
Water.
Level
Meaning
Safely Managed
Drinking water from an improved source
(divided into additional categories)
which is located on premises, available when
1. Available on premises.
needed and free of faecal contamination
2. Available when needed.
3. Free from contamination.
4. Piped.
5. Non-piped
Basic
Drinking water from an improved source
Round trip < 30 mins
Limited
From improved source
Round trip > 30 mins
Unimproved
Water from an unprotected dug well or
unprotected spring
No service
Water collected directly from a river, dam,
lake, pond, stream, canal or irrigation channel
Table 3.2 shows the JMP divides an improved water source into various categories such
as- available on premises, piped, and non-piped (like data reported by the DHS) that are defined
by three conditions mentioned in Table 3.2. If all these three criteria are met, then the JMP
categorizes the water as “safely managed.” On failing to meet even one criterion, the water would
be considered under other categories mentioned in Table 3.2.
The JMP water data provides the percentage of people receiving water from each of the
categories listed in Table 3.2 and further divides the data into the urban and rural population. It
includes data for 227 regions including countries, islands, and various territories along with the
total population of the country during a specific year. Thus, this dataset does not have one of the
limitations which are present in the DHS dataset. Also, when comparing the DHS and the JMP
datasets for countries for 2015, it is seen that JMP collects its data from 2000 data sources: 1,363
household surveys, 300 censuses, and 312 datasets from administrative or sectoral sources and the
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DHS just uses the surveys done by the Central Statistics Organization (CSO) to reach the results
(WHO, 2017 and DHS, n.d.). Therefore, it was observed that the JMP would be more accurate in
determining the total population receiving improved water than the DHS dataset.
Accordingly, it was concluded that the JMP dataset would provide greater coverage and
perhaps more accurate results than the DHS data. Therefore, this thesis research only used the JMP
dataset for estimation of people receiving piped water in rural areas. The greatest challenge in
using the JMP dataset (and the DHS dataset) is that it does not mention the specific type of water
body from which the household receives its drinking water. For example, it does not specify
whether the population receives its improved or safely managed drinking water from a spring or
surface water body such as a river. Therefore, for this thesis research, it was assumed that a rural
household located in a mountainous region that received piped water, had a spring as its water
source. This is a conservative estimate as some of these piped systems use streams as their source
of water (discussed in the previous chapter).
2. To find the number of countries which are undeveloped or developing based on the Gross
Domestic Product.
This study identified two publicly available datasets that provide the development status of
a country. The World Bank classifies countries as low income, middle income (lower and upper)
and high income based on their geographic regions, income group, and lending category. The
classification of countries according to geography is given for only lower middle and upper middle
countries, sometimes referred to as developing countries. Not all developing countries have same
level of development however. Another way of classification is by gross national income (GNI)
or gross national product (GNP). Since 2016, according to the GNI of every country, countries are
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classified as low income ($1,025 or less), middle income which are further classified as lower
middle income ($1,026 to $4,035) and upper middle income ($4,036 to $12,475) and high-income
countries ($12,476 or more). The last classification is based on the International Development
Association (IDA). In this case, countries which have an income less than $1,165 and don’t have
the ability to borrow from the IBRD are eligible for loans from the IDA. Though this dataset is
useful in classification of countries according to their development status, and provides a wide
category in which the countries are classified, it is complex to have so many categories of
classification for this thesis research and therefore it was decided to classify the countries as
developing and developed based on the Gross Domestic Product per capita of a country to avoid
the complexity.
To keep the classification simple the countries were classified based on their Gross
Domestic Product (GDP) given by the International Monetary Fund (IMF) report. The IMF report
on the GDP for each country in the world is used to distinguish between countries which are
completely developed and the countries which are still developing. The IMF is the organization
which is established to monitor the stability of the international monetary system. Its other
functions are secure financial stability, safe international trades and reduce poverty around the
world. The IMF provides a detailed report of the Gross Domestic Product per capita for every
country. There is no specific definition for classification between developed and developing
countries. However, according to the IMF, countries having their GDP per capita higher than
$15,000 are developed. Using the report created by the IMF for developing countries, the
classification was performed in this study to identify undeveloped or developing countries.
This research understands that development status is not necessarily based solely on GDP
as proposed by the IMF. Several authors in fact provide discussions on whether GDP alone is
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enough indicator of development status (Nielsen, 2013) and why the GDP alone may not capture
informal economic activities (Feige, 1990). GDP fails to consider various factors that are
contributing to development of countries. It does not include progress in standard of living,
negative effects on nature and other factors like household production and most important quality
of life (Schapiro, 2017). It is not necessary that the people in developed countries have a good
quality of life (Carr, 2017). Not considering these factors the GDP calculations rule out a big
proportion of population affecting the country’s GDP in positive or negative manner. These factors
do contribute in defining the progress of a country and therefore GDP per capita should not be the
only basis of classification of countries.
3. To estimate the number of people living in the mountains and determine the countries
which are mountainous based on elevation and slope.
Several datasets were identified to determine the elevation of a country and determine
whether a country is mountainous. These datasets were: 1) The Central Intelligence Agency (CIA)
World Factbook (https://www.cia.gov/library/publications/the-world-factbook/) and 2) a research
paper by the Food and Agriculture Organization of United Nations (Huddleston et al., 2003).
The CIA World Factbook gives various information about a country including the
population, people and society, government, geography, transportation, military and security, and
terrorism. It provides detailed specifics about the terrain and features of the land of the country.
Using this information, the classification of a country being a mountainous and non-mountainous
region is made within the Factbook. The CIA Factbook classifies the geography according to the
topography and the value of mean elevation of the country. Countries that are defined as ‘mostly
mountainous’ or ‘mostly rugged mountains’ were accordingly considered as mountainous regions
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for this study. It was determined that countries that fell within the determination of “partial
mountainous” regions would not be considered. This classification resulted in a total of 71
mountainous countries (i.e., mostly mountainous or mostly rugged mountains) out of which 45
were further classified as a developing or undeveloped country. The elevation data from the CIA
Factbook was also used to determine whether a country is mountainous based on the mean
elevation of the country. Countries having a mean elevation of 1,000 m or more were classified as
mountain areas (Gerrard, 2014). The elevation data from the CIA Factbook also gave the same
results as the topography data from the CIA Factbook in terms of identifying 71 mountainous
countries. This data was then cross-checked by using a second dataset (Huddleston et al., 2003)
that used GIS analysis to define a mountainous area based on the elevations and determined the
population living in the mountainous area. This process also provided the same result of 45
developing or undeveloped countries.
According to the second dataset (Huddleston et al., 2003), the United Nations Environment
Programme – World Conservation Monitoring Centre (UNEP-WCMC) defines a mountain area
as a landmass with slope and elevation which included mountains and hills. The UNEP-WCMC
categorizes mountainous areas into six classes. Classes 4, 5 and 6 are defined as the land located
at elevations higher than 2,500 m irrespective of the slope and classes 1, 2 and 3 are described as
land with a slope or sharp changes in the elevation within a small radius even if their elevation is
below 300 m above sea level. High plateaus and large intermountain valleys are thus not classified
as mountainous areas even though they have an environment like that of a mountain.
“A mountainous country can also be defined as a country in which over one-third of the
population lives in a mountain area and/or over one-third of the total land area is classified as
mountainous.” The sources of the datasets used for this analysis are as follows: For the reference
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world map- Mountains of the World – 2000 (UNEP-WCMC, 2000), for the topographical data to
determine slope and elevation-a global digital elevation model from 1996 United States Geological
Survey - EROS Data Center (USGS-EDC) and to determine number of people living in mountainsLandScan2000 dataset (ORNL, 2000). The census data was then divided and allocated to each grid
based on probability and proximity of people from various things like roads, lights, slopes. Thus,
combining all these datasets the mountain areas were classified and number of people living in
mountains was estimated (Huddleston et al., 2003). Table 3.3 provides the classification of the
mountain area, and Table 3.4 presents the number of people living in mountain areas. Both tables
break down the data by developing, transition and developed country.
Table 3.3. Area of Mountain for Developing and Developed Countries Classified According to the
Class Provided by the United Nations Environment Programme by (Huddleston et al., 2003).
Regions
Mountain Areas (thousand km2)
Class 1
Class 2
Class 3
Class 4
Class 5
Class 6
Total
Total
9,275
4,430
3,815
1,674
1,573
1,776
22,542
Developing
and
Transition
Countries
Total
3,263
1,573
1,296
698
12
6,842
Developed
Countries
World
12,538
6,003
5,110
2,372
1,585
1,776
29,384
Table 3.4. Number of People Living in the Mountains in Developed and Undeveloped Countries
Classified According to the Class by (Huddleston et al., 2003).
Regions
Mountain population (millions)
Class 1 Class 2 Class 3
Class 4
Class 5
Class 6
Total
Total
324.88 136.46
138.38
45.60
13.3
4.13
662.79
Developing and
Transition
Countries
Total
43.92
8.72
3.08
0.263
0.005
0
55.99
Developed
Countries
World
368.81 145.18
141.46
45.86
13.32
4.13
718.7
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Table 3.5 provides the information of the country which is mountainous, and the area
covered by mountains in a country along with the percentage of people living in these mountainous
areas. The table includes only developing or undeveloped countries.
Table 3.5. List of Developing and Undeveloped Countries According to the Mountain Area and
Percentage of People on Mountains by (Huddleston et al., 2003).
% of country land
area that is
% of the total
Mountain Area
classified as
population that resides
Countries
(Thousand km2)
mountainous
in the mountains
Afghanistan
376
59
54
Albania
20
72
39
Armenia
26
86
70
Azerbaijan
39
46
15
Bhutan
39
98
89
Bolivia
398
36
61
Bosnia and
Herzegovina
38
73
50
Bulgaria
45
41
24
Burundi
13
47
48
Chile
471
65
24
China
4,883
52
18
Costa Rica
24
47
63
Colombia
296
26
54
Djibouti
9
39
18
Dominican
Republic
17
37
7
Ecuador
108
43
43
El Salvador
11
53
60
Eritrea
65
53
59
Ethiopia
471
42
55
Georgia
55
79
41
Guatemala
51
46
64
Haiti
13
52
24
Honduras
75
67
60
Iran
842
52
37
Jamaica
5
45
20
Jordan
12
13
36
Kyrgyzstan
180
91
46
Laos
167
72
42
Lesotho
28
91
73
Mongolia
528
34
38
31

Table 3.5 (continued)

Countries
Morocco
Mexico
Myanmar
Nepal
Papua New
Guinea
Peru
Philippines
Rwanda
Swaziland
Turkey
Tajikistan
Timor-Leste
Venezuela
Viet Nam
Yemen

Mountain Area
(Thousand km2)
188
881
323
119

% of country land
area that is
classified as
mountainous
46
45
49
81

% of the total
population that resides
in the mountains
24
30
9
35

199
610
103
17
12
545
131
8
196
131
155

44
47
37
70
65
70
92
60
21
40
37

49
47
7
75
62
37
45
33
33
7
61

Table 3.5 only lists mountainous developing countries. According to the IMF, there are a
total of 163 developing countries in this world. Appendix A provides a complete list of these
developing countries.
Figure 3.2 shows a flowchart of the methods used to determine the results. On classifying
the countries using the flowchart provided in Figure 3.2, it is seen that there are 45 countries which
were identified as both mountainous and still developing or undeveloped. These are the countries
which will be used to address this study’s objective. Table 3.5 provides the information about each
of these 45 mountainous countries, the area covered by mountains in a country, and the percentage
of people living in these mountainous areas.
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Total regions in the JMP
dataset
227

Assuming mountanious
countries have spring as
source of drinking water

Only considering countries
which are undeveloped or
developing

Countries which are not
developed according to the
IMF= 45

Countries which are
mountainous according to
CIA factsheet and
(Huddleston et al., 2003)=
71

Number of people living in
the mountains for developing
and undeveloped countries

Estimating the number of rural
people receiving piped water
from the spring in mountainous
areas.

Figure 3.2. Flow Diagram of the Methodology Used to Determine the Number of People Getting
Piped Water from Springs in Mountainous Countries.
This thesis aims to determine the number of rural people receiving piped water from
springs in mountainous countries. This was calculated using the data sources mentioned in Steps
1, 2 and 3. Figure 3.3 shows a detailed calculation of the final number of people receiving piped
water. Table 3.6 uses the CIA Factsheet dataset and (Huddleston et al., 2003) to determine the
mountainous countries (column 1) and the percentage of the population in the mountains (column
3). The table uses the JMP dataset to determine the total population (column 2), the percentage of
urban population (column 4) and the percentage of piped water in rural areas (column 7). Using
this data, the total rural population (column 5), the population in the mountains (column 6) and
rural mountain people receiving piped water (column 8) are calculated. Figure 3.3 gives the
detailed steps and methods used to calculate column 5, 6 and 8. For better understanding,
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Afghanistan (a mountainous country from Table 3.5) is used as an example country to show this
estimation.
Table 3.6. Data Used to Estimate the Number of People Receiving Piped Water from Springs in
Afghanistan Using the Data Sources.

Countries
(1)

Population
(millions)
(2)

Mountain
population
(3)

Urban
Population
(4)

Total
Rural
population
(5)

Afghani
stan

19.70

54%

21.28%

15.51

Population
in
mountains
(6)

Rural
Piped
Water
(7)

Rural mountain
people with
piped water
(millions)
(8)

10.64

2.13%

0.226

Population of Afghanistan
19.7 million

78.72% rural population
15.509 million

21.28% urban population
4.137

Total population in mountains
10.63 million (54% of total
population of Afghanistan)

Total population in nonmountainous area
4.87 million

% Rural Piped
2.13%

People in rural mountain
receiving piped water
0.22 million

Remaining rural population
0.10 million

Figure 3.3. Flow Diagram of the Method Used to Calculate the Number of People Receiving
Piped Water from Springs in Mountainous Countries.
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Spring water is used as a source of drinking water in many countries including mountainous
and partially mountainous. Partially mountainous countries are the countries which have
mountains in an area, but most of it is either a plain or a plateau. There are a total of 43 developing
countries in the world which fall under the category of partially mountainous countries including
Madagascar, Panama, Uganda, and India. Appendix A provides a complete list of partially
mountainous developing countries. Because this research thesis focuses on determining the results
considering only mountainous countries, these 43 partially mountainous developing countries are
eliminated from this study. Studies show that some partially mountainous countries like Panama
(Orner et al., 2017), Madagascar (Annis, 2006) have their source of drinking water from springs
and are already building a gravity flow system to improve the quality of water used for drinking
purposes. If these countries were to be included in the study, then the number of people categorized
as receiving drinking water from springs would have increased.
This study makes several assumptions as follows:
1. A rural household located in a mountainous region that received piped water has a spring
as its water source.
2. Piped water in rural areas is equally distributed among the people living in the mountains
and the non-mountainous regions.
3. All the people living in mountainous areas are classified under the rural population. None
of the people from urban areas live in the mountains.
4. Countries which are classified as “partially mountainous” by the CIA World Factbook are
not considered in this analysis.
5. There is no source of microbial water contamination as water travels from the source of
the spring to a household.
35

6. Non-Mountainous developing countries are not considered.
7. Mountainous developed countries are not considered for the analysis.
Some of the challenges faced during this study are as follows:
1. All the datasets used in this study are from the year 2000. Recent data on the population
living in the mountainous area could not be retrieved.
2. The JMP data does not convey the source of the piped water. It is not clear whether the
water is from a spring or surface water source.
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CHAPTER 4: RESULTS AND DISCUSSIONS
Groundwater (the source of spring water) is considered an essential source of water for
much of the world. Many people still believe that groundwater is a reliable and safe source of
drinking water. According to the United Nations, many childhood deaths occur due to diarrheal
diseases which are caused by unimproved sanitation and unsafe drinking water. Sanitation and
drinking water go hand in hand in a quality health plan and have an interconnected impact because
a lack of access to sanitation may lead to open defecation or leakage in the sewage system to a
water source which results in mixing of faecal matter with the groundwater, especially when the
groundwater table is shallow.
Figure 4.1 shows the percentage of mountainous areas of the 45 specific developing
countries identified in this thesis research. From Figure 4.1, it is seen that there are seven
developing countries out of the total of 45 such as Armenia, Bhutan, Georgia, Kyrgyzstan,
Lesotho, Nepal and Tajikistan having more than 75% of mountainous regions. There are fifteen
countries (of the 45) which have mountainous areas percentage between 50 to 74%, and twentyone countries (of the 45) have mountainous areas between 25 and 49%. The remaining two
mountainous countries of the world have a mountainous area of less than 25% of their total land
area.
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Figure 4.1. Percentage of Mountainous Areas in 45 Developing Countries Identified in this Study.

Figure 4.2 shows the estimated percentage of the total population residing in mountainous areas of these 45 mountainous
developing countries. Figure 4.2 shows that there are only two countries (Armenia and the Dominican Republic) in which the percentage
of population living in mountainous areas is greater than 75%. Fourteen countries (of the 45) were shown to have the percentage of
population living in a mountainous area between 50 to 75% and 17 (of the 45) countries were shown to have a population living in a
mountainous area between 25 to 49%. The remaining 12 mountainous countries have a population residing in mountainous areas of less
than 25%.
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Figure 4.2. Percentage of Population Living in Mountainous Areas in 45 Developing Countries Identified in this Study.
Figure 4.3 shows the results of this study’s estimate of the total number of people receiving piped water in the mountainous areas
of the 45 developing countries identified in this study that was assumed to originate from a spring. From Figure 4.3, there are five
countries (China, Iran, Mexico, Turkey, Columbia) that have a population greater than 10 million living in the mountainous area and
receiving piped water. There are 19 (of the 45) countries having a population between 1 million and 10 million and the rest 21 countries
have a population less than 1 million in mountainous areas receiving piped spring water.
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Figure 4.3. Total Number of People Potentially Receiving Piped Water in Mountainous Areas of 45 Developing Countries Identified
in this Study.
Table 4.1 shows the total number of people (in millions) estimated to receive piped water that is assumed to originate in spring
water in mountainous developing countries. Overall, it was estimated that up to 183 million people receive piped water that originates
from a spring in mountainous areas. As mentioned above and from Table 4.1 it is seen that there are five mountainous countries having
a rural population greater than 10 million receiving piped spring water. The total population in these five countries receiving piped water
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is 128.5 million. More than half of the total estimate is from these five countries. China has the
largest contribution out of the 45 countries in the number of people receiving piped spring water.
Most of the countries have a population of less than 1 million receiving piped spring water.
Table 4.1. Total Number of People Receiving Piped Spring Water (Million).
Classification of the
Rural population
population that
Countries
with piped spring
potentially received
water
spring-fed water in a
mountainous area
China

59.4

Iran

20.13

Mexico
Turkey
Colombia
Guatemala
Peru
Venezuela
Yemen
Nepal
Ecuador
Honduras
Bolivia
Chile
Ethiopia
Costa Rica
Rwanda
Philippines
Bulgaria
Armenia
El Salvador
Jordan
Bosnia and Herzegovina
Morocco

19.12
18.62
11.27
4.85
4.1
4
3.75
3.54
3.02
2.4
2.28
2.27
2.1
1.98
1.92
1.72
1.69
1.53
1.51
1.47
1.45
1.29
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Population greater than 10
million

Population between 1
million and 10 million

Table 4.1 (Continued)

Countries

Rural population
with piped spring
water

Tajikistan
Georgia
Lesotho
Albania
Haiti
Burundi
Kyrgyzstan
Bhutan
Dominican Republic
Papua New Guinea
Jamaica
Myanmar
Mongolia
Eritrea
Azerbaijan
Swaziland
Afghanistan
Laos
Viet Nam
Djibouti
Timor-Leste
Total

0.927
0.808
0.76
0.75
0.636
0.517
0.486
0.36
0.337
0.335
0.317
0.311
0.29
0.285
0.27
0.229
0.22
0.176
0.085
0.038
0
183

Classification of the
population that
potentially received
spring-fed water in a
mountainous area

The population of less than
1 million

The JMP divides the global countries according to the sustainable development goals into
eight regions (https://washdata.org) such as: Australia and New Zealand, Central Asia and
Southern Asia, Eastern Asia and South-eastern Asia, Latin America and the Caribbean, Northern
America and Europe, Oceania excluding Australia and New Zealand, Sub-Saharan Africa, and
Western Asia and Northern Africa.
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The data from Table 4.1 was further divided to identify the distribution of the population
according to the eight regions classified by the JMP. Out of these eight regions, three regions
(Australia and New Zealand, Northern America and Europe Oceania excluding Australia and New
Zealand) were eliminated because they are developed regions.

Figure 4.4 shows the population in Central Asia and Southern Asia Regions that are
potentially receiving spring water. Iran is included in this list which is one of the highest
contributors to the total population receiving piped spring water. Most of the countries in this
region lie in the 3rd category of the population less than 1 million (Table 4.1) receiving piped spring
water.

Population (million) vs Countries
20

Population (millions)

18
16
14
12
10
8
6
3.54

4
2

0.927

0.486

0.36

0.22

Kyrgyzstan

Bhutan

Afghanistan

0
Iran
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Figure 4.4. Population of Countries Under Central Asia and Southern Asia Region that
Potentially Received Spring Water.
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Figure 4.5 shows a similar analysis for the Eastern Asia and South-Eastern Asia Regions.
China is the country with the largest population potentially getting piped spring water in this
category. Again, most of the countries in this figure have a population less than a million receiving
piped spring water.
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Figure 4.5. Population of Countries under Eastern Asia and South-Eastern Asia Region that
Potentially Received Spring Water.

Figure 4.6 shows the countries covered in the Latin America and Caribbean regions. The
highest number of countries from the list are present in this region. Mexico and Columbia, two of
the highest contributors to the total outcome are included in this region. This region includes a
mixture of all three categories mentioned in Table 4.1.
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Population (millions) vs Countries
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Figure 4.6. Population of Countries under Latin America and Caribbean Island Region that
Potentially Received Spring Water.

Figure 4.7 include countries from the Sub-Saharan Africa Region. The contribution from
these countries to the overall results is less compared to other regions as seen from the graph.
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Figure 4.7. Population of Countries Under Sub-Saharan Africa Region that Potentially Received
Spring Water.
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Figure 4.8 shows the countries include in Western Asia and North Africa Regions. Turkey,
one of the five highest contributors to the overall population, is in this region. Most of the countries
in this region are in the 2nd population category (right row of the table) mentioned in Table 4.1.
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Figure 4.8. Population of Countries Under Western Asia and North Africa Regions that
Potentially Received Spring Water.
Figure 4.9 is a mixture of Southeastern European countries (Albania, Bosnia and
Herzegovina and Bulgaria) the only developing countries in Europe and Oceania (Papua New
Guinea). The highest contributor out of the four countries is Bulgaria with approximately 1.69
million people receiving piped spring water.
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Population (million)
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Figure 4.9. Population of Countries Under Southeastern Europe and Oceania that Potentially
Received Spring Water.
Figure 4.10 shows the total percentage of the population in each region receiving piped
water from the springs. It is seen that two regions (Latin American and Caribbean, Eastern Asia
and South-Eastern Asia) have the highest percentage of the population potentially receiving piped
spring water and has a total contribution of 66%. The least contributors are the Southeastern
European countries and the countries included under Oceania.
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Population (%)
Central Asia and
Southern asia regions
Latin America and
Caribbean
Eastern Asia and South
Eastern Asia
Western asia and North
Africa
Sub Saharan africa

2%
3%

14%

15%

32%
34%

Miscellenous

Figure 4.10. Percentage of Population Potentially Receiving Piped Spring Water in All
Developing Regions of the World.
This study made several assumptions (mentioned in Methods). These assumptions could
have a positive or a negative impact on the final estimated number of people potentially receiving
piped spring water in mountainous areas in developing countries. There are overall seven major
assumptions made in this research, and each is now discussed in regards to how it would impact
the final result.
1. Assumption: A rural household located in a mountainous region that receives piped water
is assumed to have spring as its water source (not a stream).
•

Reason for the assumption: It was not possible to find the source of a piped water
system for any region. Considering spring hydrology, it was seen that most springs are
present at a higher elevation. For example, the Springs Stewardship Institute in North
Arizona (https://springsdata.org/) conducted various surveys and developed a database
which provides information on the location of springs in the U.S., the elevation at which
the spring is located, and the name of the springs and states in which the spring is
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located along with latitude and longitude. A review of this dataset shows that most
springs in the U.S. have their source at a higher elevation. Approximately 3,230 out of
3,550 springs report in the United States have and elevation above 1000m which was
determined to be the elevation required to define a mountain if the mountain had to be
defined just by elevation.
•

Influence on results: The total number of rural people receiving piped spring water in
mountainous areas in developing countries is expected to decrease if this assumption
was not true because some mountainous piped water sources could originate from
streams.

2. Assumption: Piped water in rural areas is uniformly distributed among the people living in
mountainous and non-mountainous areas.
•

Reason for the assumption: Current data sources only provide information on the
percentage of piped water provided to rural and urban residents and the percentage of
total population living in the mountains. These data sources do not specify the
distribution of mountainous people residing in urban and rural areas. Thus, it was
assumed that data were uniformly distributed among different classes (rural versus
urban). Therefore, with this assumption, it was assumed that the piped water is
uniformly distributed among mountainous and non-mountainous people.

•

Influence on results: The total number of rural people receiving piped spring water in
mountainous areas in developing countries could increase or decrease depending on the
distribution of the piped systems. This is because the increase or decrease in the
number is directly proportional to the number of people relying on spring water.
However, as per the references, there is a high possibility that people receiving spring
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water is more than assumed. According to this the chances of total decreasing because
of this assumption is less.
3. Assumption: All the people living in mountainous areas are classified under the rural
population. None of the people from urban areas live in the mountains.
•

Reason for this assumption: This assumption was made to reduce the complexity of the
estimation and because the existing data sources do not provide the percentage
distribution of a country’s urban and rural population residing in a mountainous area.
The data source used here to determine the mountainous areas of a specific country
gives the information on the percentage of people living in the mountains out of the
total population of the country but does not classify that population into rural and urban.
Thus, the data source does not provide information about the percentage of urban and
rural population living in mountainous areas. No other data source is efficient enough
to provide this data for the entire country. Therefore, it is difficult to estimate the
number of people living in rural and urban areas in the mountains.

•

Influence on the results: If this assumption were not correct, it would result in a
decrease in the final estimate because then the people living in the mountains would
include rural and urban population which would decrease the total number of rural
people living in the mountains.

4. Assumption: Countries which are classified as “partially mountainous” by the CIA World
Factbook are not considered in this analysis.
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•

Reason for this assumption: There were 43 partially mountainous developing countries
identified in this analysis that were not considered in the final estimate. They were not
included to not overestimate the total number of potentially impacted people.

•

Influence of the assumption: The final estimated number would increase if partially
mountainous countries were included in the analysis.

5. Assumption: There is no additional input of microbial water contamination as water travels
from the spring source to a household.
•

Reason for this assumption: This assumption was made because the study was focused
on estimating spring sourced piped water that might be adversely impacted by
anthropogenic activities occurring within the spring watershed that could degrade water
quality.

•

Influence on the results: The total estimated number would remain the same.

6. Assumption: Non-Mountainous developing countries are not considered.
•

Reason for this assumption: There are overall 163 developing countries in the world.
Thus according to analysis 51, developing countries are non- mountainous. These
countries were not included to not overestimate the total number of affected people.

•

Influence on the result: The final number would increase if non- mountainous
developing countries included in the analysis.
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7. Assumption: Mountainous developed countries are not considered for the analysis.
•

Reason for this assumption: The JMP and other data sources report that most of the
world’s population without access to safe drinking water are located in developing
world countries.

•

Influence on the result: This assumption will have little impact on the results because
according to the JMP and other data sources, most of the world’s population without
access to safe water reside in developing countries.

From Table 4.2 it is seen that 3 assumptions will increase the total number of rural people
receiving piped water from springs and 2 assumptions would decrease the total number of people
receiving piped water from springs, 1 assumption could increase or decrease the final number
based on the distribution of springs and piped water system, and 1 assumption had no impact on
the results.
Table 4.2. Impact of the Assumptions on the Results.
Sr. No
Assumptions

1.

2.

3.

4.

A rural household located in a mountainous region that receives
piped water is assumed to have spring as its water source (not a
stream).
Piped water in rural areas is uniformly distributed among the
people living in mountainous and non-mountainous areas.
All the people living in mountainous areas are classified under
the rural population. None of the people from urban areas live in
the mountains.
Countries which are classified as “partially mountainous” by the
CIA World Factbook are not considered in this analysis.
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Impact of the
assumption on
the result.

Table 4.2 (continued)
Sr. No Assumptions

5.
6.

7.

There is no additional input of microbial water contamination as
water travels from the spring source to a household.
Non-Mountainous developing countries are not considered.

Mountainous developed countries are not considered for the
analysis.
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Impact of the
assumption on
the result.
No change

CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH
5.1 Conclusions
Water is an essential part of human life, and access to safely managed water is every
individual’s right. A lot of countries use spring water as a source of drinking water considering it
as safely managed water which is free from any type of contamination. It is important to know the
quality of the water one uses for drinking. This study was done to throw some light on the assumed
facts about spring water and concludes that spring water is no longer safe for drinking without any
pre-treatment.
The objective of this study was to estimate the number of people receiving piped water
from springs in mountainous developing countries. It was estimated that 183 million people
residing in the 45 mountainous developing countries received water from a spring source that is
piped. Approximately, 34% of the population is from the Eastern Asia and South-Eastern Asia
regions, and 33% reside from the Latin America and Caribbean Islands. These were followed by
Western Asia and North Africa with 15% and Central Asia and Southern Asia Regions with 14%
of their population estimated to receive piped spring water. The assumptions made in this study
are also discussed in terms of how they might influence the final estimate.
For a good standard of living it is important to know the quality of water. This study creates
awareness about the changing quality of spring water due to the increase in population and changes
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in land use. Therefore, it is recommended to treat the water before consumption even if the water
an individual receives is classified as safely managed.
5.2 Recommendations for Future Research
During this study, it was seen that minimal research was performed in this area. The
literature and associated data available in this field is not very deep. Under the Sustainable
Development Goals, one target is to provide safe water to the world’s population. Knowing the
specific source of a water supply and providing an estimate for the number of people receiving
water from a piped spring source will contribute to the goal. A critical review that identifies the
specific land uses that contribute to the contamination of spring water should be performed. All
the papers available for this topic would need to be classified to perform a meta-analysis on how
land use impacts the quality of spring water. The variability of water quality from a spring and
other source of water as it relates to land use should be compared and concluded.
This study does not include the information on the source of piped water. JMP and other
sources are developed to meet the needs of SDGs but currently lack in providing the details on the
specific source of piped water, making it difficult to estimate the exact number of people receiving
piped water from springs. Also, there is insufficient data available on the location of springs that
serve developing world rural communities. A complete survey like the detailed description of a
springs that is done for the United States could be performed which describes the nature of the
spring, location, and elevation. This would increase the data accuracy and determine the number
of people using spring water as a source in non- mountainous regions and countries. The
distribution of the rural and urban population in mountainous regions was also difficult to make as
there was no specific data available on this. Thus, it is important to identify the exact rural
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population in mountainous areas. Future studies can estimate these aspects for further research. It
is also important to know the technical capacity required by a country to collect all the data
mentioned above. Training programs to support in-country data collection may also be needed to
achieve this overall objective to increase the data available to researchers and policy makers.
Till all the spring water quality is tested and determined for every spring it is recommended
that the water should be tested and if not available, recommendations should be that water is
disinfected before consumption, especially for more at-risk populations (e.g., infant children).
Treatment could be household methods like filtering or boiling or community efforts like in-line
chlorination. The other method recommended for receiving water more likely to be free from
contamination is to drill a well deeper, so water is extracted from a deeper aquifer. This method
prevents contact with the contaminated shallow groundwater, and therefore the water extracted
can be considered as safe and contamination free.
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APPENDIX A: TABLES AND FIGURES
Table A1. List of Partially Mountainous Countries.
Algeria
Mali
Argentina
Mozambique
Bangladesh

Nigeria

Benin

Panama

Brazil

Poland

Burkina Faso

Romania

Cambodia

Samoa

Cameroon

Serbia

Chad

Sierra Leone

Comoros

South Africa

Congo

Sri Lanka

Cote d'Ivoire

Tunisia

Gabon

Turkmenistan

Hungary

Uganda

India

Ukraine

Indonesia

Uzbekistan

Iraq

Virgin Islands

Kazakhstan

Zimbabwe

Madagascar
63

Table A2. List of Developing Countries in the World.
Afghanistan
El Salvador
Mali

Solomon Islands

Albania

Equatorial Guinea

Malta

South Africa

Algeria

Eritrea

Marshall Islands

South Sudan

Angola

Estonia

Mauritania

Spain

Antigua and Barbuda

Ethiopia

Mauritius

Sri Lanka

Argentina

Fiji

Mexico

St. Kitts and Nevis

Armenia

Gabon

Micronesia

St. Lucia

Azerbaijan

The Gambia

Moldova

Bahrain

Georgia

Mongolia

Sudan

Bangladesh

Ghana

Montenegro

Suriname

Barbados

Greece

Morocco

Swaziland

Belarus

Grenada

Mozambique

Syria

Belize

Guatemala

Myanmar

Benin

Guinea

Namibia

Tajikistan

Bhutan

Guinea-Bissau

Nauru

Tanzania

Bolivia

Guyana

Nepal

Thailand

Haiti

New Zealand

Timor-Leste

Botswana

Honduras

Nicaragua

Togo

Brazil

Hungary

Niger

Tonga

Bulgaria

India

Nigeria

Burkina Faso

Indonesia

Oman

Burundi

Islamic Republic of Iran Pakistan

Bosnia
Herzegovina

and
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St. Vincent and the
Grenadines

Taiwan Province of
China

Trinidad
Tobago
Tunisia
Turkey

and

Table A2 (continued)
Cabo Verde

Iraq

Palau

Turkmenistan

Cambodia

Jamaica

Panama

Tuvalu

Cameroon

Jordan

Papua New Guinea

Uganda

Kazakhstan

Paraguay

Ukraine

Chad

Kenya

Peru

Uruguay

Chile

Kiribati

Philippines

Uzbekistan

China

Korea

Poland

Vanuatu

Colombia

Kosovo

Portugal

Venezuela

Comoros

Kyrgyz Republic

Romania

Vietnam

Russia

Yemen

Rwanda

Zambia
Zimbabwe

Central

African

Republic

Democratic
Republic of the Lao P.D.R.
Congo
Republic of Congo
Latvia
Costa Rica

Lebanon

Samoa

Côte d'Ivoire

Lesotho

San Marino

Croatia

Liberia

São Tomé and Príncipe

Cyprus

Libya

Saudi Arabia

Czech Republic

Lithuania

Senegal

Djibouti

FYR Macedonia

Serbia

Dominica

Madagascar

Seychelles

Dominican Republic Malawi

Sierra Leone

Ecuador

Malaysia

Slovak Republic

Egypt

Maldives

Slovenia
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Table A3. Determining the Number of Rural People Receiving Spring Water in Mountainous Countries.
Percentage
of
Percentage
Total
Population
Percentage of
Population mountain
of Urban
Rural
in
Rural Piped
Countries
(millions) population Population Population mountains
Water
(1)
(2)
(3)
(4)
(5)
(6)
(7)
Afghanistan
19.7
54.00
21.28
15.50
10.63
2.13
Albania
3.1
39.00
41.74
1.82
1.21
61.93
Armenia
3.07
70.00
64.67
1.09
2.1
71.26
Azerbaijan
8.12
15.00
51.39
3.94
1.21
22.34
Bhutan
0.56
89.00
25.42
0.421
0.502
71.74
Bolivia
8.34
61.00
61.83
3.18
5.087
44.84
Bosnia and
Herzegovina
3.79
50.00
39.31
2.30
1.89
76.78
Bulgaria
8.00
24.00
68.90
2.48
1.92
88.40
Burundi
11.61
48.00
17.84
9.53
5.57
9.28
Chile
15.17
24.00
86.07
2.11
3.64
62.41
China
1.269.97
18.00
35.88
814.34
228.59
25.99
Costa Rica
3.92
63.00
59.05
1.60
2.47
80.27
Colombia
40.40
54.00
72.07
11.28
21.81
51.66
Djibouti
0.723
18.00
76.53
0.170
0.130
29.52
Dominican
Republic
8.56
7.00
61.75
3.27
0.599
56.34
Ecuador
12.62
43.00
60.30
5.01
5.43
55.66
El Salvador
5.81
60.00
58.91
2.38
3.48
43.55
Eritrea
3.53
59.00
17.56
2.91
2.08
13.67
Ethiopia
66.44
55.00
14.74
56.65
36.54
5.75
Georgia
4.74
41.00
52.64
2.24
1.94
41.57
66

Rural mountain
people with
piped water
(millions)
(8)
0.22
0.75
1.53
0.27
0.360
2.28
1.45
1.69
0.517
2.27
59.40
1.98
11.27
0.038
0.337
3.020
1.51
0.285
2.10
0.808

Table A3 (continued)

Countries
(1)
Guatemala
Haiti
Honduras
Iran
Jamaica
Jordan
Kyrgyzstan
Laos
Lesotho
Mongolia
Morocco
Mexico
Myanmar
Nepal
Papua New
Guinea
Peru
Philippines
Rwanda
Swaziland
Turkey

Percentage
of
Population mountain
(millions) population
(2)
(3)
11.69
64.00
8.55
24.00
6.24
60.00
65.85
37.00
2.60
20.00
4.76
36.00
4.95
46.00
5.34
42.00
1.86
73.00
2.40
38.00
28.95
24.00
102.81
30.00
47.67
9.00
23.74
35.00
5.37
25.91
77.93
8.02
1.06
63.24

49.00
47.00
7.00
75.00
62.00
37.00

Percentag
e of
Urban
Populatio Total Rural
n
Population
(4)
(5)
45.13
6.41
35.60
5.50
45.46
3.40
64.04
23.68
51.81
1.25
79.81
0.963
35.30
3.20
21.98
4.17
19.55
1.49
57.13
1.02
53.33
13.5
74.72
25.99
26.97
34.81
13.43
20.55
13.20
73.04
47.96
14.93
22.69
64.74

4.66
6.98
40.56
6.82
0.822
22.29
67

Population
in
mountains
(6)
7.48
2.05
3.74
24.360
0.520
1.71
2.27
2.24
1.35
0.911
6.94
30.84
4.29
8.30

Percentage of
Rural Piped
Water
(7)
64.85
31.00
64.30
82.65
60.96
85.85
21.31
7.84
56.73
3.21
18.59
62.00
7.25
42.68

Rural mountain
people with
piped water
(millions)
(8)
4.85
0.636
2.400
20.13
0.317
1.47
0.486
0.176
0.76
0.29
1.29
19.12
0.311
3.54

2.63
12.18
5.45
6.01
0.660
23.39

12.73
33.73
31.59
31.95
34.76
79.59

0.335
4.10
1.72
1.92
0.229
18.620

Table A3 (continued)

Countries
(1)
Tajikistan
Timor-Leste
Venezuela
Viet Nam
Yemen
Total

Percentage
of
Population mountain
(millions) population
(2)
(3)
6.18
45.00
0.84
33.00
24.48
33.00
80.28
7.00
17.79
61.00

Percentag
e of
Urban
Populatio Total Rural
n
Population
(4)
(5)
26.49
4.54
24.26
0.642
87.98
2.94
24.37
60.7
26.27
13.12
125.23
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Population
in
mountains
(6)
2.78
0.280
8.07
5.62
108.5

Percentage of
Rural Piped
Water
(7)
33.29
0.00
49.54
1.51
34.55

Rural mountain
people with
piped water
(millions)
(8)
0.927
0
4.00
0.085
3.75
183.55

